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SYSTEM AND METHOD OF EXPLOITING
LOCATION AWARENESS TO IMPROVE
WIRELESS COGNITIVE RADIO

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation-in-Part of currently
pending U.S. Patent Application No. 12/018,481, entitled
“System and Method of Exploiting Location Awareness to
Improve Wireless System Cognitive Radio”, filed on Jan. 23,
2008, which claims priority to U.S. Provisional Patent Appli-
cation No. 60/886,180, enfitled “Methods of Exploiting

Location Awareness Towards Improved Wireless System
Design 1n Cognitive Radi1o”, filed on Jan. 23, 2007.

FIELD OF INVENTION

This mvention relates to software defined radios and cog-
nitive radios. More specifically, this invention relates systems
and associated methods of improving the performance and
eificiency of adaptive wireless communication devices
including software defined radio and cognitive radio.

BACKGROUND OF THE INVENTION

With the advances 1n digital technology, sizes of the digital
devices decrease while their processing power increases. As a
consequence, the newer digital devices are more poweriul
and even smaller compared to the older ones. By taking
advantage ol this shrinkage 1n size and exploiting the increase
1n processing power, communications companies are able to
design a single mobile device which has several add-on func-
tions for different purposes. For instance, currently, it 1s very
casy to find a personal digital assistant (PDA) that has wire-
less communication capability in addition to its main pur-
pose, which 1s computation. In parallel, almost all contempo-
rary mobile phones have non-wireless applications (such as a
digital camera). Currently, there are mobile devices 1n which
Infra-red Data association

(IrDA), Bluetooth, local area network (L AN) wireless con-
nectivity options, digital camera, and Global Positioning Sys-
tem (GPS) are embedded together.

In spite of this vast variety of wireless and other applica-
tions embedded 1n a single device, 1t 1s striking that the func-
tions, which have the ability to provide extremely important
information to each other, operate independently. This lack of
cooperation stems from the fact that there 1s no unit which can
control, coordinate, and interpret the data obtained from dii-
ferent Tunctions. However, with the emergence of cognitive
radio (CR), this lack of cooperation can be removed.

As an emerging technology, CR recetves significant atten-
tion from both academia and industry. Nevertheless, there 1s
no formal definition of CR on which everybody agrees. How-
ever, distinct features of CR, which are sensing, being aware
of, learning, and adapting to its surrounding environment,
allow us to describe 1t coarsely. Built on software-defined
radio (SDR), CR 1s able to employ these features 1n its adap-
tation cycle with the aid of several sensors (e.g. GPS, light,
and temperature sensors) and tools used in artificial intelli-
gence (Al) applications (e.g. neural networks, hidden Markov
models (HMMs), genetic algorithms. Naturally, the adapta-
tion cycle requires a complete control and coordination of
these features.

Rapid advances 1n digital technology allow people to have
a single wireless device that has multiple functions such as
communication, computing and entertainment. Currently, the
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functions operate independently of each other, since there 1s
not unit which controls and coordinates the add-on hardware.

Accordingly, what 1s needed in the art 1s a system and
method that takes advantage of each wireless device to
improve communication 1n a cognitive radio wireless com-
munication system.

SUMMARY OF INVENTION

The present invention introduces a special unit, referred to
as a “‘cognitive engine”, to control and coordinate the tasks of
the wireless devices. The cognitive engine carries out these
tasks by obtaining all available information from the sources
such as sensors, protocol layers, a policy engine, and its own
hardware. Next, the cognitive engine interprets, reasons and
makes the optimum decision to adapt.

In accordance with the present invention, location aware-
ness 1s exploited to improve the wireless communication
system design 1in CR. More explicitly, it 1s emphasized that
given the environmental knowledge, a CR that has only an
absolute location determination capability (by means of GPS
or cellular) improves the performance of 1ts communication
via optimizing the system parameters and controlling the
interference.

In accordance with an embodiment of the present inven-
tion, a method of exploiting location awareness to 1improve
communication performance in a wireless cognitive radio
system 1s provided. In the present embodiment, the system
has at least one cognitive radio capable of obtaining 1ts loca-
tion mnformation and at least one cognitive radio incapable of
obtaining 1ts location information. The method includes,
determining he absolute position information for the at least
one cognitive radio capable of obtaining its location informa-
tion, recerving digital topographical data related to the abso-
lute position information, classiiying the environment of the
cognitive radio system based on the absolute position and the
topographical data, matching the classified environment with
corresponding statistical parameters to 1dentify propagation
characteristics of the system, disseminating the propagation
characteristics of the system to the at least one cognitive radio
incapable of obtaining its own location information and
improving the communication performance of the cognitive
radio system by adapting the at least one cognitive radio
capable of obtaining 1ts location information and the at least
one cognitive radio incapable of obtaining 1ts own location
information according to the propagation characteristics.

In an additional embodiment of the present invention, a
system for exploiting location awareness to improve commu-
nication performance in a wireless cognitive radio system 1s
provided. The system includes at least one cognitive radio
capable of obtaiming 1ts location information having a loca-
tion sensor to determine the absolute position information for
the cognitive radio system capable of obtaining 1t’s location
information, at least one cognitive radio incapable of obtain-
ing 1ts location information, a topographical database to pro-
vide digital topographical data related to the absolute position
information for the cognitive radio system capable of obtain-
ing 1ts location information, a cognitive engine to classitying
the environment of the cognitive radio system based on the
absolute position for the at least one cognitive radio capable
ol obtaining 1ts location information and the topographical
data, and to match the classified environment with corre-
sponding statistical parameters to identily propagation char-
acteristics of the system and an information dissemination
protocol to disseminate the propagation characteristics of the
system to the at least one cognitive radio incapable of obtain-
ing 1ts own location information.
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As such, the present mvention provides a novel way of
extracting major wireless channel statistics through absolute
location information and digital topographical data. The
adaptive wireless systems such as software defined radio, on
which cognitive radio 1s built, use these parameters to adjust
their transmission parameters accordingly to improve their
performances.

This invention provides new ways of improving the per-
formance and efficiency of adaptive wireless communication
devices including software defined radio and cognitive radio.
In this invention, new methods to improve the performance of
adaptive and cognitive radio communication systems are
developed. We propose extracting major wireless channel
statistics from the physical environment 1n the presence of
absolute position information and digital topographical data.
Once the transceivers have the major channel statistics, they
casily adjust their transmission parameters accordingly and
with this they improve their performance.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
should be made to the following detailed description, taken 1n
connection with the accompanying drawings, in which:

FIG. 1 1s a table 1llustrating the impact of environmental
characteristics on small-scale parameters according to the
present invention.

FIG. 2 15 a table illustrating some crucial wireless trans-
mission parameters, theirr impacts, and related adaptation
options according to the present invention.

FI1G. 3 1s an illustration of the environmental classification
algorithm for cognitive radio.

FI1G. 4 1s an illustration of a conceptual model of a cogni-
tive radio 1including a location sensor 1n accordance with the
present invention.

FI1G. 5 1s a table 1llustrating frequently used environmental
classifications for wireless propagation with some related
parameters according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The most 1mportant aspects of improving the wireless
transmission are: (1) to be aware of the radio channel and (2)
to change the parameters of the system accordingly. A trans-
mitted signal reaches the receiver after passing through vari-
ous distortions depending on the transmitted wavelorm struc-
ture and the environment as a result of the propagation
characteristics of the electromagnetic waves. Traditionally,
the effects of the wireless channel on the transmitted signal
are classified as: (I) large-scale effects and (II) small-scale
cifects. Large-scale effects determine path-loss. Small-scale
elfects focus on the drastic variations of the received signal
strength for short displacements, which are on the order of a
tew wavelengths of the transmitted signal. These drastic
changes 1n the signal are caused by the multipath phenom-
enon and variation of the wireless channel 1n time, due to
mobility. Small-scale effects mamiest themselves within
three different parameters: (1) delay spread, (1) Doppler
spread, and (111) angular spread. Delay spread arises from the
arrtval of different multipaths at different delays at the
receiver. Doppler spread occurs when the wireless channel
changes 1n time because of the mobility of the user and/or
transmitter and/or relative motion of the objects within the
environment. Angular spread 1s a measure of how multipaths
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4

concentrate about a specific direction. Each form of small-
scale effect introduces a different aspect of the wireless chan-
nel

Delay spread 1s used to describe the time dispersion of the
channel. In connection with the notion of coherence band-
width, 1t 1s related to the frequency selectivity of the channel
Typical values of delay spread of indoor mobile radio chan-
nels differ from that of outdoor radio channels. Furthermore,
outdoor environments that have different terrain and building
structures exhibit different delay spread characteristics. The
typical root-mean-square (RMS) delay spread values for
urban areas are on the order of microseconds, whereas those
of suburban areas are on the order of nanoseconds. The chan-
nel shapes (power delay profiles) of these environments difier
from each other, too.

Doppler spread 1s the measure of the broadening of the
signal in the frequency domain due to temporal variation of
the channel The temporal vanation of the channel 1s quanti-
fied by coherence time and 1t 1s inversely proportional to the
Doppler spread. Thus, the larger the Doppler spread, the
narrower the coherence time 1nterval, and the faster the chan-
nel changes. It 1s also known that the slower the mobile, the
narrower the Doppler spectrum. Therefore, 1t 1s easily
deduced that for the environments 1n which mobility 1s lim-
ited (e.g. mside the buildings), the Doppler spectrum 1s more
likely to be narrow. Conversely, for the environments 1in
which the mobility 1s not limited (e.g. rural areas), 1t 1s
expected that the Doppler spectrum 1s wide.

For angular spread, the effect of multipaths 1s examined
from the perspective of their angle of arrival. The amount of
spreading 1s directly related to the amount of scattering 1n the
environment. The richer the scattering environment, the more
the spread 1s experienced 1n the angle domain In addition, the
larger the angular spread, the lower the correlation becomes
between antenna elements. For indoor communications, one
might anticipate that the angular spread 1s larger than that for
outdoor because of the presence of numerous scatterers. With
the same reasoning, 1t 1s possible to find different angular
spread behaviors within different scenarios among outdoor
radio environment sub-classes. For instance, 1n an environ-
ment which can be 1dentified as open rural area, the angular
spread 1s expected to be narrower than that 1n an area which 1s
identified as urban.

The 1impact of environmental characteristics on small-scale
parameters discussed up until this point 1s presented in Table
I of FIG. 1.

Apart from small-scale parameters, there are some crucial
parameters for further description of the wireless channel In
almost every wireless radio technology standard, the relevant
channel models are classified through one very important
distinction: (1) being 1n line-of-sight (LOS) or (2) non-line-
of-sight (NLOS). It 1s known that for every kind of radio
transmission, LLOS channels differ from NLOS channels
because of the presence of the direct path. This fact along with
several other effects sometimes requires a special design
structure 1n wireless communication systems such as in 10-66
GHz portion of the physical layer part of IEEE 802.16.

Noise must also be taken 1nto account 1n realistic wireless
channel models, since the impact of noise on the communi-
cation system 1s obvious. Generally, because of 1ts math-
ematical tractability, noise 1s assumed white and chosen as
Gaussian distributed, which has a flat power spectrum. How-
ever, 1t has been reported that offices, factories, hospitals have
impulsive noise rather than white and Gaussian distributed as
well as do some outdoor environments, due to man-made
noise sources. Furthermore, it 1s shown that maximal ratio
combining, equal gain combining, and selection diversity are
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not effective in impulsive noise environments. Hence, being
aware ol the type of noise 1s of crucial importance in adjusting
some of the system parameters such as coding requirements.

Aforementioned propagation related parameters, their
elfects, and adaptation options (1n the case of having a priori

knowledge about them) are tabulated in Table II of FIG. 2.

In the literature, there are two methods to model the radio
propagation: (a) stochastic method and (b) deterministic
method. In the stochastic method, field measurements are
made with an extensive amount of work to characterize the
wireless channel. Fields in which the measurements are made
are classified based on their topographical properties. In the
deterministic method, numerical calculations (such as ray-
tracing methods) are employed to attain the desired wireless
channel parameters with ultimate pinpoint accuracy. The
major differences between the stochastic method and the
deterministic method are that, the stochastic method allows
for use of simple formulas which are valid for general cases
(due to stochastic structure), whereas the deterministic
method provides pinpoint accuracy for a specific case at the
expense of computationally complex processes.

Considering the fact that the stochastic method 1s faster and
can provide solutions for general scenarios, compared to the
deterministic method, the stochastic method 1s considered
more appropriate for CR at this stage. However, employing,
the stochastic method requires a CR to have the topographical
information about the geographical area. Some of the basic
topographical databases such as digital elevation models
(DEMs) (1.e. digital representations of topographic surfaces,
which are used for determining properties of terrain 1n terms
of elevation at any point, slope, aspect and extracting features
of 1t, such as peaks and pits and other landforms) are known
in wireless communications for similar purposes such as
determining 1f a line-of-sight exists between a transmitter-
receiver pair. Digital elevation models are easy to be pro-
cessed digital data which can give some hints to a CR about
the attributes of the surrounding environment via spatial inter-
polation methods (SIMs). Also, a Geographical Information
System (GIS) provides comprehensive topographical infor-
mation which can be queried by GPS. Thus, when the cogni-
tive engine 1s provided with a sort of topographical informa-
tion such as DEM or GIS, it can recognize the pattern of the
aerial information, locate the appropriate class, and match the
most appropriate statistics out of 1ts memory.

The present invention introduces a special unit, referred to
as a “‘cognitive engine”, to control and coordinate the tasks of
the wireless devices. The cognitive engine carries out these
tasks by obtaining all available information from the sources
such as sensors, protocol layers, a policy engine, and 1ts own
hardware. Next, the cognitive engine interprets, reasons and
makes the optimum decision to adapt. FIG. 3 illustrates a
conceptual model for CR within this context.

With reference to FIG. 3, the flow of the environmental
classification for cognitive radio in accordance with the
present invention 1s 1llustrated. As shown 1n FIG. 3, spatial
interpolation methods 30 utilize location information 10,
along with data from a topographical database 20, to give
some hints to a CR about the attributes of the surrounding
environment. A Geographical Information System can them
be used to provide comprehensive local topographical infor-
mation 40 to a Cognitive Engine 50 that 1s able to recognize
the pattern of the aerial information, locate the appropnate
class 60 and then match the most appropriate statistics out of
its memory 70. In combination with software-defined radio
80, the cognitive radio can then perform adaptation 90 to the
environment.
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With reference to FI1G. 4, throughout the adaptation cycle,
in each step, cognitive engine 100 needs to evaluate some
independent data fed by 1ts sensors and/or layers 150 within
several different contexts to attain 1ts goal. In FIG. 4 this 1s
illustrated for a location sensor 120 providing an independent
input to the cognitive engine 100 1n addition to topographical
information 130 fed by another source. Cognitive engine 100
must interpret this independent 1nput as data that contains a
geographical collection. On the other hand, topographical
data must be interpreted in such a way that it contains some
sort of terrain structures relevant to the physical environment.
In other words, cognitive engine must be context-aware 1n
terms of the input fed. In order for cognitive radio to “‘under-
stand” 1ts position within the topographical information
given, cognitive engine needs to combine these two 1ndepen-
dent contextual information elements intelligently. Since the
information feed 1s independent in terms of their sources and
structures, cognitive engine has to deduce the relation
between them through context-awareness. Next, cognitive
engine needs to classily its environment relative to 1ts position
to be able to find out the appropriate statistics. This requires
the statistics to be represented 1n a hierarchical fashion, so the
matching procedure can be established seamlessly. Since sta-
tistics are sets that are composed of subsets such as presented
above, cognitive engine needs to infer the necessary subsets
of the statistics through the environmental classification
deduced. With the help of Table 1, cognitive engine decides
the necessary changes and employs them easily 1n the relevant
layer of the protocol stack. Meanwhile, one can claim that the
framework must be established 1n such a way that modifica-
tions of the existing structures and/or installations of new
ones should not be cumbersome or experiencing icompat-
ibility with already existing ones, either. Hence, all this flow
requires a special mechanism that has the capability of rep-
resenting hierarchical data to access, enabling the properties
of semantics (computer processable meaning) to reason
through context-awareness, and being reconfigured easily for
the future.

The first step for CR 1n exploiting the location awareness 1s
to classily 1ts environment according to a chart which 1s
similar to the one presented 1n Table I1I of FIG. 5. This 1s very
important since classification facilitates storing and searching
for appropriate statistical models that correspond to the envi-
ronments in which CR operates. Moreover, a structure such as
presented 1n Table III can easily be expanded for new envi-
ronments that might be defined 1n the future. In order to attain
the organized structure mentioned here, having the ability to
represent the data 1n a hierarchical way 1s essential.

In addition to representing the data 1n a hierarchical way,
CR also gets information from various sources (as shown 1n
FIG. 4) such as sensors, protocol layers, external devices, and
even 1ts own hardware. Even though the pieces of information
obtained are coming from independent sources, some of them
can be related. Consider the case in which CR has light and
temperature sensors along with GPS. If a contextual connec-
tion can be established between the bits of mformation pro-
vided by these sources 1n a combined fashion such that “all of
them provide information related to the surrounding environ-
ment,” CR can make use of them 1n exploiting the location
awareness. It 1s clear that the contextual relation 1s not limited
to the sensors. Relationships between sensors and other types
of sources may exist too. For instance, GPS information 1s
related to location-aware routing applications over a network
layer. However, this sort of connection 1s not possible unless
the context of the information 1s included. This requirement
leads to an abstraction, which 1s known as a Knowledge
Representation System (KRS).
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In order for a CR to represent the data 1n a hierarchical and
contextual form, the

“KRS” concept has been put forward. A KRS represents
the universe ol a CR and consists of numerous subspaces such
as space, time, user, the radio 1itself, spectrum, network and
their subspaces such as environment, air interfaces, protocol
layers, and so on. It 1s very difficult to document all possible
subspaces in the universe of reasoning, even though 1t 1s not
favorable since a radio, which 1s able to interpret as many
things as possible, 1s desired, when 1t 1s needed (for 1nstance,
due to insuificient memory, the necessity of deletion of some
subspaces such as old standards which have never been used),
it can be shrunk as well. As a matter of fact, this flexibility 1s
a requirement, since a CR 1s considered to have a dynamic
library that can be updated easily when environments, poli-
cies, needs, etc. change.

Solely the construction of KRS will not be enough fora CR
to exploit location awareness. Besides KRS, a tool for pro-
cessing KRS must be present as well. Radio Knowledge
Representative Language (RKRL) has been proposed filing
the gap 1n processing KRS. Therefore, RKRL can be defined
as “a formal structure that helps CR to process the hierarchi-
cal and contextual construction, which 1s KRS.”

RKRL consists of statements and each statement forms a
special structure called “frame.” Frames express the relation-
ship between their contents 1n a particular context. The onto-
logical structure of the universe of a CR, the hardware 1n a
CR, and the environment in which a CR operates are only a
tew examples that can be defined and described by the frame
structure. For instance, the ontological structure of the uni-
verse of a CR might be of the form:

@®<Universe>

P<Solar system>
»<Earth> (1)
»{<Space>, <Time>, <User>,<Radio>,... },

Where <&> denotes a contextual set that might contain
several subsets; & represents the set of everything; Pdenotes
one of the subsets of 1ts superset.

Following the same pattern (1), CR can represent the
“space” 1n detail as:

p<Space>
» ! <Position>, <Temperature>, . . . }.
As such, CR can easily represent the “sensors” as::

p<Radio>
p<Sensors>
» ! <GPS>, <Heat>, <Light>, . .. }.

Similarly, the “position” which 1s denoted with <Position>
in KRS, can be represented with the following subset:

{<r>, <Environment>, <Direction>, . . . },

Where <r> denotes the coordinate triple, which is of the
form <r>=<[X,y,z]>.

Note that this hierarchical representation quantifies what a
CR can be aware of. For example, a CR which solely has GPS,
will shrink 1ts <Sensors> subset and define it by only
{<GPS>!.

Once the hierarchical structure 1s formed, attaching the
corresponding contexts to the sources can be investigated. For
example, the context of a sensor, say GPS, can be defined 1n
the following mapping manner:

[<GPS>=<Space>x<Time>F2<s>],

Where <Space>x<Time> represents the notion “space-
time” and <s> 1s the space-time quadruple of the form <[r,t]>.
With the same reasoning, in the case ol using a heat sensor, the
context of the sensor can be shown 1n the following form:

[<Heat>=<Space>x<Time>>F>T],

Where T denotes the temperature.
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As can be seen, CR 1s able to recognize each piece of
information fed by each sensor with the aid of the context.
Furthermore, CR can even find the connection with other
<Space> and/or <Time> related entities 1n its universe by just
looking at the context of the sensor of interest. For instance,
the domains of both <GPS> and <Heat> (1.¢. the left hand side
of ) contain <Space> and <T1me> together. Therefore, 1t 1s
deduced that <GPS> and <Heat> produce related informa-
tion. Note that once the contexts and rules are established in
a logic programming language, in RKRL, the reasoning
depends solely on querying the relationship. Thus, with the
aid of RKRL, CR can find every context that 1s related to

another one 1n 1ts KRS.

It has been discussed that environmental classification car-
ries a crucial importance for CR. Having a classification such
as in Table II1 of FIG. 5 1n hand, representing the classification
1s straightforward by following the pattern in (1). As an
example, CR can express “open rural area”, which will be a
subset of <Environment>, as follows:

p<OUTDOOR>
P<Rural>
»<Open>.

In this sequel, relating empirical models with correspond-
ing environmental classes can be considered. Recall that
RKRL can process every entity that belongs to the universe of
CR with the aid of frames. Hence, propagation models are
nothing but a collection of frames for CR. Because different
environmental classes require different path-loss models, 1t 1s
appropriate to represent relevant models as subsets of the
classes to which they belong. For istance, path-loss for a
rural area can be of the form:

»<Rural>

p<Path-Loss Model>
p<Hata’s Model>,

Wherein, Hata’s model 1s based on already widely used
models. Similar to path-loss, other important propagation
statistics such as power delay profile (PDP), Doppler spread,
etc. can also be represented 1n this manner. For example, PDP

can be represented 1n such a way that 1t includes number of
clusters, number of taps in each cluster, relative power, RMS
delay spread, and so on.

As a final step, after matching operation, 1t 1s suilicient for
CR only to ready the values from the statistical model
“frame” and apply them to relevant transmission parameters
accordingly. Some of the options that CR can adapt after
adjusting 1ts parameters 1n connection with the propagation
characteristics of the environment are presented 1n Table 11 of
FIG. 4.

Up to this point, the use of information about propagation
environment from the perspective of individual CRs has been
discussed. However, the dissemination of this information in
a network that consists of multiple CRs 1s very important as
well. The main urge behind disseminating this information 1s
to make other CRs, which do not have the capability of
obtaining this information on their own because of lack of
necessary sensors and/or msuificient resources, be aware of
the characteristics of the environment. For the sake of brevity,
CR 15 used representing CRs that do not have the capability
of obtaining the information on their own and CR, 1s used for
the capable ones. Sharing this information improves several
aspects of the network while also assisting CRs 1n adjusting
their parameters 1 an optimum manner for individual adap-
tation.
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The dissemination of the information can be considered in
two ways depending upon the architecture of the network: (1)
centralized or (2) decentralized. In a centralized network,
CR, requests the propagation characteristics from the center.
I1 the center 1s of type CR,, 1t forms the data with the aid of
RKRL and forwards it to CR,. CR, 1nterprets this structural
data and employs the necessary changes accordingly. In the
case where the center 1s not of type CR |, then CR,, broadcasts
the location information ot CR to other nodes (which may be
established by using a pre-defined control channel) and 1n
response, an available CR, sends the relevant information
back to the center to be dispatched to CRO. On the other hand,
in a decentralized network, CR,, solely broadcasts 1ts request
for location information and waits for CR, s to respond back
with the data processed by RKRL.

Once CR obtains the propagation characteristics, 1t adapts
its parameters accordingly. Of course, this individual adapta-
tion of CR leads to several improvements in the network as
well. Path-loss adaptation can be used 1n power-control algo-
rithms 1n code division multiple access (CDMA) based net-
works. Hence, the average amount of interference experi-
enced by other uses 1s reduced, which increases the network
capacity. In an orthogonal frequency division multiplexing
(OFDM) based network, adjusting the cyclic prefix (CP) size
accordingly rather than setting 1t to the worst-case scenario
will improve the spectral efficiency. In the case where the
cyclic prefix size 1s lower than that for the worst-case, the
overall data rate will increase as well. There are numerous
ways of exploiting the propagation characteristics in terms of
adaptation apart from the ones mentioned here. Some of the
crucial parameters and corresponding adaptation options are
presented 1n Table II of FIG. 2.

It 1s known 1n the art that contemporary wireless commu-
nications systems utilize some of the adaptation options men-
tioned 1n Table II of FIG. 2. However, there are differences
between how contemporary wireless communication systems
and CR quantily important propagation characteristics. In
contemporary wireless communication systems, path-loss 1s
measured from the samples of received signal strength (RSS).
Based upon the measured RSS and a threshold value, the link
quality 1s evaluated and adaptation 1s established. In order to
estimate the delay spread, contemporary communication sys-
tems employ channel frequency correlation estimates as well
as level crossing rate (LCR) of the channel 1n the frequency
domain. Depending upon the estimated value, adaptive chan-
nel equalization 1s applied. Doppler spread estimation 1s car-
ried out 1n current wireless communication systems too. Cor-
relation and varnation of the channel estimates (or signal
envelope) are prominent methods 1n estimating the Doppler
spread. Doppler spread information 1s used in radio network
control algorithms such as cell assignment and channel allo-
cation 1n cellular systems.

However, even though current wireless communication
systems are able to measure the major propagation param-
cters and use them for adaptation, they do have any other
option except to utilize the recerved signal to make these
parameters measurements. Utilizing the received signal can
be referred to as “internal sensing”. In contrast, CR system are
not limited to internal sensing, and are capable of utilizing
external sensing, being aware of, learning and adapting to 1ts
surrounding environment. As such, CR systems are capable
of taking advantage of these recently emerging sensing
opportunities to better estimate the propagation parameters
with the aid of cognitive engine, which leads to improvement
in overall system performance. Additionally, these recently
emerging sensing opportunities can provide CRs with novel
awareness and adaptation options that cannot be achieved by
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internal sensing. For instance, being aware of the user 1s one
of the prominent awareness and adaptation options, which
includes the users identily, perception, and preferences as
well as the characteristics of the user’s surrounding environ-
ment (e.g. physical location, illumination, ambient acoustic
noise, etc.). The information that 1s obtained by this sorts of
sensing can be very usetul to improve the network and service
performance. However, the use of this type of information 1s
only possible when the sensing data 1s processed by RKRL.
Cognitive engine cannot determine the context of the sensing
data unless RKRL, or another appropniate language, forms
the context. The traditional strictly layered protocol architec-
ture causes the contemporary wireless devices (and therefore
the systems) to perform 1n a sub-optimal range. On the other
hand, the presence of cognitive engine along with external
sensing capabilities allows CR systems to achieve cross-layer
adaptation and optimization as shown 1n FIG. 4. CR systems
are able to perform 1n the optimum range by incorporating the
bits of mformation coming from external sensing into the
cognition cycle with the aid of RKRL.

Cognitive radio can be aware of many concepts via internal
and/or external sensing.

Particularly 1n the case of location, each concept to be
aware ol has different projections or impact on different lay-
ers 1n the protocol stack. These protections define two very
important relationships. The first relationship 1s between the
layers and each other, since the projections are caused by the
same concept. In accordance with the present invention, 1t 1s
seen that the concept of “location”™ has an 1impact on almost
every layer. This relationship between layers allows a CR to
consider the projections jointly and leads to cross-layer adap-
tation and optimization. The second relationship 1s between
the concept itsell and 1ts projections. As such, specific loca-
tions cause specific effects. This second relationship provides
a sort of mapping or function 1n a mathematical perspective so
that CR can either examine (or evaluate, or measure) the
projections to be aware of the concept, or be aware of the
concept first and then exploit the corresponding projections in
terms of cross-layer adaptation and optimization. Consider-
ing the increasing trend that allows people to define more
relationships by incorporating more sensors on devices, along
with 1increased processing power, the cognition cycle can be
extended to attain the ultimate cognitive radio.

It will be seen that the advantages set forth above, and those
made apparent from the foregoing description, are efliciently
attained and since certain changes may be made 1n the above
construction without departing from the scope of the mven-
tion, 1t 1s intended that all matters contained 1n the foregoing
description or shown 1n the accompanying drawings shall be
interpreted as 1llustrative and not 1n a limiting sense.

It 1s also to be understood that the following claims are
intended to cover all of the generic and specific features of the
invention herein described, and all statements of the scope of
the mnvention which, as a matter of language, might be said to
fall therebetween. Now that the invention has been described,

In the claims:

1. A method of exploiting location awareness to improve
communication performance in a wireless cognitive radio
system, the system having at least one cognitive radio capable
of obtaining 1ts location information and at least one cognitive
radio mncapable of obtaining 1ts own location information and
incapable of having its location information determined by
the at least one cognitive radio capable of obtaining its loca-
tion information, the method comprising:

determining absolute position information for the at least

one cognitive radio capable of obtaiming its location
information;
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receiving digital topographical data related to the absolute

position information;

classitying the environment of the cognitive radio system

based on the absolute position and the topographical
data;

matching the classified environment with corresponding

statistical parameters to identily propagation character-
istics of the system;

disseminating the propagation characteristics of the system

to the at least one cognitive radio incapable of obtaining
its own location information and incapable of having 1ts
location information determined by the at least one cog-
nitive radio capable of obtaining 1ts location informa-
tion; and

improving the communication performance of the cogni-

tive radio system by adapting the at least one cognitive
radio capable of obtaining 1ts location information and
the at least one cognitive radio incapable of obtaiming its
own location information and incapable of having its
location information determined by the at least one cog-
nitive radio capable of obtaiming 1ts location information
according to the propagation characteristics.

2. The method of claim 1, wherein determining the abso-
lute position information for the at least one cognitive radio
capable of obtaining its location information further com-
prises determining the absolute position information using a
global positioning system technology.

3. The method of claim 1, wherein receiving digital topo-
graphical data further comprises recerving digital topographi-
cal data using digital elevation models.

4. The method of claim 1, wherein the cognitive radio
system 1s a centralized cognitive radio system and dissemi-
nating the propagation characteristics to the at least one cog-
nitive radio mcapable of obtaining its own location informa-
tion i1n the centralized cognitive radio system Ifurther
comprises, the at least one cognitive radio incapable of
obtaining its own location information requesting the propa-
gation characteristics from a center cognitive radio of the
centralized cognitive radio system.

5. The method of claim 4, wherein the center cognitive
radio of the centralized cognitive radio system 1s capable of
obtaining 1ts own location information and wherein dissemi-
nating the propagation characteristics to the at least one cog-
nitive radio 1mncapable of obtaining 1ts own location informa-
tion further comprises, the center cognitive radio forwarding
the propagation characteristics to the at least one cognitive
radio incapable of obtaining 1ts own location mnformation.

6. The method of claim 4, wherein the center cognitive
radio of the centralized cogmitive radio system 1s incapable of
obtaining its own location information and wherein dissemi-
nating the propagation characteristics to the at least one cog-
nitive radio mcapable of obtaining its own location informa-
tion further comprises, the center cognitive radio
broadcasting the location information of the at least one cog-
nitive radio mncapable of obtaining 1ts own location informa-
tion to at least one other cognitive radio 1n the system capable
of obtaining its own location information, receiving the
propagation characteristics from the at least one other cogni-
tive radio at the center cognitive radio and the center cognitive
radio forwarding the propagation characteristics to the at least
one cognitive radio incapable of obtaining 1ts own location
information.

7. The method of claim 1, wherein the cognitive radio
system 1s a decentralized cognitive radio system and dissemi-
nating the propagation characteristics to the at least one cog-
nitive radio mcapable of obtaining its own location informa-
tion 1 the decentralized cognitive radio system further
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comprises, the at least one cognitive radio incapable of
obtaining its own location imformation broadcasting it’s a
request for location information and waiting for at least one
other cognitive radio capable of obtaining its own location
information to respond with the propagation characteristics.

8. The method of claim 1, wherein the environment clas-
sification 1s selected from the group consisting of urban,
suburban, rural, hilly terrain, open, street, dense, large, cor-
ridor, outdoor, indoor, macrocell, microcell and picocell.

9. The method of claim 1, wherein the statistical param-
cters are selected from the group consisting of path-loss,
delay spread, Doppler spread, angular spread, line-of-sight,
non-line-of-sight and noise characteristics.

10. The method of claim 1, wherein disseminating the
propagation characteristics of the system to the at least one
cognitive radio incapable of obtaining its own location infor-
mation method further comprises, disseminating the propa-
gation characteristics utilizing an information dissemination
protocol.

11. The method of claim 10, wherein the information dis-

semination protocol 1s Radio Knowledge Representation
Language (RKRL).

12. The method of claim 1, wherein improving the com-
munication performance of the cognitive radio system by
adapting the at least one cognitive radio capable of obtaining
its location information and the at least one cognitive radio
incapable of obtaining 1ts own location information accord-
ing to the propagation characteristics further comprises,
adapting the at least one cognitive radio capable of obtaining
its location information and the at least one cognitive radio
incapable of obtaining 1ts own location information through
empirical models.

13. A system for exploiting location awareness to improve
communication performance in a wireless cognitive radio
system, the system comprising at least one cognitive radio
capable of obtaiming 1ts location information having a loca-
tion sensor to determine the absolute position information for
the cognitive radio system capable of obtaining 1t’s 1ts loca-
tion information;

at least one cognitive radio incapable of obtaining 1ts loca-
tion information and incapable of having its location
information determined by the at least one cognitive
radio capable of obtaining its location information;

a topographical database to provide digital topographical
data related to the absolute position information for the
cognitive radio system capable of obtaining 1ts location
information;

a cognitive engine to classiiying the environment of the
cognitive radio system based on the absolute position for
the at least one cognitive radio capable of obtaining its
location information and the topographical data, and to
match the classified environment with corresponding
statistical parameters to 1dentify propagation character-
istics of the system; and

an information dissemination protocol to disseminate the
propagation characteristics of the system to the at least
one cognitive radio incapable of obtaining 1ts own loca-
tion information and incapable of having its location
information determined by the at least one cognitive
radio capable of obtaining its location information.

14. The system of claim 13, wherein the location sensor 1s

a global positioning system technology sensor.

15. The system of claim 13, whereimn the topographical
database uses digital elevation models.

16. The system of claim 13, wherein the environment clas-
sification 1s selected from the group consisting of urban,
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suburban, rural, hilly terrain, open, street, dense, large, cor- tion 1s adapted according to the corresponding statistical
ridor, outdoor, indoor, macrocell, microcell and picocell. parameters utilizing empirical models.
17. The system of claim 13, wherein the statistical param- 19. The method of claim 13, wherein the information dis-
eters are selected from the group consisting of path-loss, semination protocol is Radio Knowledge Representation

delay spread, Doppler spread, angular spread, line-of-sight, 5 [ anguage (RKRL).
non-line-of-sight and noise characteristics.
18. The system of claim 13, wherein the at least one cog-

nitive radio incapable of obtaining 1ts own location informa- £k k% ok
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